Electrical resistance tomography (ERT) has high temporal resolution characteristics therefore it is used as an alternative technique to visualize two-phase flows. The image reconstruction in ERT is highly non-linear and ill-posed hence it suffers from poor spatial resolution. In this paper, the inverse problem is solved with homogeneous data used as a prior information to reduce the condition number of the inverse algorithm and improve the spatial resolution. Numerical experiments have been carried out to illustrate the performance of the proposed method. 
Electrical resistance tomography (ERT) has been employed as an alternative technique to visualize two-phase flows [2] , because it offers a high temporal resolution to monitor fast transient processes. While ERT has a strong potential for visualizing of two-phase fields, it still remains a challenging problem to improve the spatial resolution due to its non-linearity and ill-posedness.
In order to overcome a poor spatial resolution, Kim et al. [3] proposed a novel adaptive mesh grouping scheme with predefined thresholds to enhance the spatial resolution of the Gauss-Newton (GN) method. In this approach, best homogeneous resistivity value [4] was employed to determine the classification criterion from the resistivity profile estimated after several iterations. Kim et al. [5] proposed a novel image reconstruction technique to improve the spatial resolution by employing an adaptive threshold method to the iterative Gauss-Newton method. In their approach, an optimal threshold is automatically selected by Otsu's method [6] and then the adaptive threshold value is employed to separate the background from the target regions based on the resistivity profile estimated on every iteration.
Introducing prior information into ERT inverse (9) solver can diminish the ill-posedness and thus can have improved reconstruction images [7] . In this perspective, few researchers have assumed conductivities of anamolies is constant and isotropic in two-phase flow aiming in locating the boundary of anamolies [8] [9] [10] . In the work of Kim et al. [11] , as a prior information fixed structures inside the process vessel are considered as electrodes and resistivity values are assumed to be known for two-phase flow monitoring. Heikkinen et al. [12] estimated the volume fraction distribution with bulk volume fraction as prior information. Ill-posedness can also be reduced by regularization. Different regularization schemes are adopted with the ERT image reconstruction to mitigate the ill-posedness [4, [13] [14] .
In this paper, prior information is homogeneous data inside a given domain. Implementing this prior information into the image reconstruction, more improved results could be made with the aid of In ERT, currents are injected through the electrodes placed on the surface of a domain and the resulting voltages are measured across these electrodes. The forward problem is to compute the boundary voltages given the internal conductivity distribution and the applied currents.
When current   is injected through the electrode on the surface  and the conductivity distribution  is known, the electric potential  in the domain ∈ℝ  can be solved from the partial differential equation with the boundary conditions for the complete electrode model [15] ∇⋅∇   in 
where   denotes the effective contact impedance between the electrode and the surface,   is the boundary voltage measured through the electrode   ,  is the outward unit normal and  is the number of electrodes.
There are various data collection methods by which the currents are injected and the resulting voltages are measured [16] . Several ways of them are commonly used in two-dimensional imaging, for example adjacent method, opposite method and trigonometric method. In this paper, the adjacent method is employed, which has good sensitivity at the periphery but not good at the center because of the lower current density. where  denotes the voltages calculated through the FE formulation,  is the actual voltages measured across the electrodes,  and  are the regularization parameter and matrix, respectively.
Taking the derivative and linearizing about a resistivity vector      at  th iteration, the GN method can be obtained as
where 
Iterative Gauss-Newton method with prior information
For the ERT reconstruction problem the following objective function with prior information can be formulated to minimize the error
where   is prior information.
Taking the derivative and linearizing about a resistivity vector      at  th iteration, the GN method with prior information can be obtained 
To verify the effect of prior information of homogeneous background in a circular domain, the one-step GN method is employed to reconstruct the for the homogeneous data using the one-step GN method in eq. (9).
(iv) Set   . (ix) Modify the regularization matrix in eq. (9) based on the background index, that is, the standard Tikhonov regularization is employed only for the background elements as follows [5] :
where   denotes the modified regularization matrix. (xi) Set     and replace  with   in eq. (9) and go to step (v).
I V . R e s ul ts
The performance of the proposed method was evaluated using numerical data, and the results were compared with the conventional GN method.
A circular domain was used in this study, which In order to generate the simulated noisy data, we computed the forward solver and a zero-mean Gaussian-distributed random noise with 1%
standard deviation was added to the calculated voltages.
The geometry of the numerical phantom assumed was as follows: radius 4 cm, width of the electrode 0.6 cm and the amplitude of the currents was 10 mA. The resistivity value of the background was 300 Ωcm and the target resistivity value was set to 900 Ωcm. images by the GN method have poor resolution because of noise effect. However, in the second row, the target is reconstructed with good accuracy by the proposed method. Moreover, the GNPI images have even background resistivity distribution whose value is close to the true one. It is noted that the reconstructed image by the GNPI method has better spatial resolution compared to the GN (16) method.
The reconstructed images with multi targets for case 2 are shown in figure 4 . The first and second rows in figure 4 show the reconstructed images after 10 iterations using the GN and GNPI methods, respectively, with different regularization parameters.
In 
